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(54) Apparatus and method for purifying polluted 

(57) In a polluted water purifying method and appa- 
ratus, a purification treatment tank is filled with massive 
purifying members in a purifying region, each massive 
purifying member including plural opening portions hav- 
ing an equivalent diameter of 1 to 5cm which are pro- 
vided on the surface thereof, and plural interconnecting 
channels which intercommunicate with one another and 
provided inside of the members, and each opening por- 
tions continuously intercommunicating with at least one 
of the channels. Polluted water containing SS, BOD, etc. 
is supplied through the purifying region of the tank to be 
brought into contact with the massive purifying mem- 



water 

bers. At the same time, oxygen-contained gas is jetted 
as fine bubbles at a predetermined interval from the bot- 
tom portion of the purifying region into the polluted 
water so that the stream of the flowing polluted water 
flowing in the purifying region, so that the fine bubbles of 
the oxygen-contained gas are contacted with the pol- 
luted water in a substantially perpendicular direction to 
each other, whereby an aerobic treatment and an 
anaerobic treatment are rapidly and efficiently per- 
formed on the surface of the purifying members and 
inside of the purifying members respectively. 
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Description 

BACKGROUND OF THF [NVENTION 
1. Field of the Invention 

The present invention relates to apparatus and 
method for purifying polluted water, and more particu- 
larly to apparatus and method for performing an aerobic 
treatment on polluted water and at the same time sepa- 
rating and capturing suspended fine solid materials 
(pollutants) from the polluted water to perform an anaer- 
obic treatment on the polluted water. 

2. Description of Related Art 

Various methods have been hitherto proposed and 
practically used as a method of purifying various pol- 
luted water such as waste water or river water which is 
polluted by waste water. The conventional polluted 
water purifying methods are mainly classified into (1) a 
physical/chemical treatment method and (2) a biological 
treatment method. As the physical/chemical treatment 
method are known a method for separating and remov- 
ing suspended materials, etc. from polluted water by 
means of precipitation/filtering or the like, a method for 
chemically treating pollutants with chemicals to make 
the pollutants harmless, and a method of separating 
and removing pollutants from polluted water by means 
of agglomeration or precipitation. Further, as the biolog- 
ical treatment method are known a method of aerobi- 
cally treating polluted water with a biomembrane or an 
active sludge to flocculate pollutants and separate and 
remove the pollutants from polluted water, and a ■ 
method of anaerobically treating polluted water to digest 
(liquefy) the pollutants. 

The biological treatment method utilizes a decom- 
position action of microorganism in natural field, so that 
its reaction is moderate. In addition, its process needs 
no chemical, and thus it does not bring various troubles 
due to the chemicals. Therefore, the biological treat- 
ment method has been favorably used, and various 
developments for this method are vigorously being 
made. 

With respect to the method using the active sludge, 45 
various systems whicP ^ e concentrically based on two 
processes of an aeration process and a sedimentation 
process have been proposed and practically used. With 
respect to the method of forming a biological film on a 
carrier, various kinds of carriers are proposed. For so 
example, Japanese Laid-open Patent Application No. 
Sho-63-310696 proposes a hollow spherical carrier 
which forms an aerobic state and an anaerobic state at 
the same time. Further, there is also proposed an aero- 
bic/anaerobic treatment which forms aerobic and anaer- ss 
obic states by means of a hollow cylinder having a 
honeycomb construction of a high surface area. 

However, in all the conventional biological treat- 
ments as described above, a long process time of at 



least 5 to 1 1 hours is generally required over all the 
steps of a purifying treatment. For example, in the 
method using the active sludge and the aerobic treat- 
ment method using the biomembrane formed on the 
5 surface of the carrier, a sedimenting pool is provided at 
a front stage to perform a predetermined sedimenting 
treatment on polluted water, and then the polluted water 
is finally treated while held up in an aerobic purification 
area for a retention time of several hours or more, 
10 whereby a predetermined environmental quality stand- 
ard value is satisfied. In the active sludge method, there 
is a manner of performing the aeration treatment for 
about two hours, however, it has a disadvantage that a 
BOD removal rate may be reduced. Further, in the aer- 
15 obic/anaerobic purifying treatment method using the 
hollow carrier, the diameter of holes through which the 
inside and the outside of the hollow carrier are commu- 
nicated to each other is set to 0.05 to 1 mm, and thus the 
flow-in and flow-out of the polluted water into and from 
20 the inside of the hollow carrier is not smoothly per- 
formed, so that it needs a longer time than the anaero- 
bic treatment in the inner space of the hollow carrier and 
this is not efficient. 

Recently, a so-called inter-conglomerate contact 
• oxidation method which purifies polluted river water by 
using river beds has been proposed and practically 
used as one of the biological treatments for polluted 
water. In the inter-conglomerate contact oxidation 
method, a conglomerate layer is formed by effectively 
using conglomerate such as gravel in river or the like, 
and river water is made to flow (passed) through the 
conglomerate layer for a biological treatment, whereby 
BOD (Biochemical Oxygen Demand) and SS (Sus- 
pended Solid) can be greatly reduced. Therefore, much 
attention is paid to this method as a purification method 
for polluted water such as polluted river water or the like. 

The inventor of this application has vigorously stud- 
ied a treatment method in which the purification tech- 
nique using the inter-conglomerate contact oxidation 
method can be practically used for a general water 
treatment device (not to a large-scale facilities using a 
huge river bed) and polluted water can be efficiently 
purified. As a result of the vigorous studies, the inventor 
developed a separation member forming a purification' 
treatment system which is completely different from the 
conventional treatment for polluted water, and previ- 
ously proposed the separation member and a polluted 
water treatment using the separation member in Japa- 
nese Laid-open Patent Application No. Hei-3-221110. 
Further, in Japanese Laid-open Patent Application No. 
Hei-6-343990, the inventor proposed a suitable flow- 
separating method and a flow-separating member in 
consideration of such a flow-separating phenomenon 
that suspended fine solid materials are separated and 
removed from polluted water as flowing fluid with effec- 
tively using fluid energy on the basis of the behavior of 
the suspended fine solid materials. 

In the flow-separating member and the flow-sepa- 
rating method as described above, the polluted water is 
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subjected to the aerobic treatment on the surface. The 
suspended solids (SS) can be efficiently captured by 
the flow-separating member for a relatively short time to 
separate and remove the SS from the polluted water, 
and captured organic SS can be anaerobically treated 
in voids of the flow-separating member to make the 
organic SS liquid and soluble. Therefore, this method* 
can simply perform the purification treatment for pol- 
luted water in one step for a short time, and thus it is 
expected to be an extremely excellent treatment 
method for polluted water. 

This method has been achieved mainly to remove 
SS, and it has been also proved for this method that the 
aerobic treatment on the surface of the flow-separating, 
member is enhanced and thus the BOD removal rate is 
effectively enhanced because the surface area of .the 
flow-separating member is increased more than the 
inter-conglomerate contact oxidation method. However, 
it would not effectively work from the viewpoint that it 
must be applicable to any polluted water and it must 
meet any requirement. Particularly if it is required to per- 
form a purification treatment on polluted water contain- - 
ing a large amount of BOD at a desired BOD removal ■ 
rate for a short time, this method does not sufficiently 
satisfy this requirement. 

Ql IMMARY OF THE INVENTION . . 

Therefore, the inventor has reviewed and consid- 
ered the polluted water purifying treatments of the 
above proposed methods and the various conventional : 
methods, and has made studies to achieve a purifica- 
tion treatment method which can perform a purification 
treatment for a short time and reduce BOD and SS at a 
high removal rate from any polluted water. As a result, 
the inventor has recognized that BOD and SS can be 
effectively removed from any polluted water for a short 
retention time by using a specific purifying member and 
performing gas diffusion at a predetermined interval in a 
purifying region, and achieved the present invention on 
the basis of the above recognition. 

According to the present invention, a polluted water 
purifying method comprises the steps of: filling, into a 
purifying region in which polluted water under flow is 
purified, massive purifying members each of which 
includes plural opening portions each having equivalent 
diameter of 1 to 5cm on the surface thereof and plural 
interconnecting channels intercommunicating with one 
another in the inner portion thereof, each of the opening 
portions continuously intercommunicating with at least 
one of the channels, passing polluted water through the 
purifying region to bring the polluted water in contact 
with the massive purifying members, and at the same 
time allowing oxygen-contained gas to ascend upwardly 
as fine bubbles at a predetermined interval from the bot- 
tom portion of the purifying region in the flowing polluted 
water so that the stream of the flowing polluted water is 
brought into contact with the f ine bubbles of the oxygen- 



contained gas in a substantially perpendicular direction 
to each other. 

In the polluted water purifying method as described 
above, the purifying region is formed between a polluted 
s water flow-in portion and a polluted water flow-out (dis- 
charge) portion, and it is preferable that the polluted 
water flows into the flow-in portion and/or flows out from 
the flow-out (discharge) portion while rectified. A reten- 
tion time of the polluted water in the purifying region is 
10 preferably set to 1 0 to 1 20 minutes. Further, the prede- 
termined interval at which the oxygen-contained gas 
ascends as the fine bubbles is preferably set to a range 
of 5 to 100 cm, and it may be varied within this range in 
accordance with pollution degree of the polluted water 

15 to be treated. 

According to the present invention, the purified 
water which has been treated by the polluted water puri- 
fying method as described above is further passed 
through a non-diffusion purifying region in which the 
20 massive purifying members as described above are 
filled, thereby performing a purifying treatment In this 
case, the non-diffusion purifying region is preferably dis- 
posed at a subsequent stage of the flow-out portion of 
the former purifying region. 
25 Further, according to the present invention, a pol- 
luted water purifying apparatus which is provided with a 
peripheral wall and a lid or no lid to have a predeter- 
mined volume, includes a flow-in portion of polluted 
water, a flow-out (discharge) portion ior treated water, a 
30 rectifying member which is disposed at each of the flow- 
in portion and the flow-out portion, a purifying region 
which is disposed between the flow-in portion and the 
flow-out portion, gas diffusion pipes which are disposed 
at a predetermined interval on the bottom portion of the 
35 purifying region substantially perpendicularly to a direc- 
tion extending from the flow-in portion to the flow-out 
portion, and massive purifying members which are filled 
in the purifying region and each of which includes plural 
opening portions each having equivalent diameter of 1 
40 to 5cm on the surface thereof and plural interconnecting . 
channels intercommunicating with one another in the 
inner portion thereof, each of the opening portions con- 
tinuously intercommunicating with at least one of the 
intercommunication channels. 
45 In the polluted water purifying apparatus es 
described above, aggregates of small diameter are pref- 
erably bonded to one another to form each. massive 
purifying member having a substantially spherical 
shape and having equivalent diameter, of about 7 .to 
so 15cm, and the predetermined interval is preferably set 
to 5 to 100cm. 

According to the present invention, a purifying 
method for the polluted water purifying, apparatus as 
described above comprises the steps of: supplying the 
55 polluted water, from the flow-in portion and passing the 
polluted water through the purifying region, and diffus- 
ing the oxygen-contained gas from the gas diffusion 
pipes at a front stage portion of the flow-in portion side 
of the purifying region while diffusing no oxygen-con- 



3 



5 



EP0 741 111 A2 



6 



tained gas from the gas diffusion pipes at a rear stage 
portion of the flow-out portion side to thereby perform 
the purifying treatment. In this case, the purifying region 
is preferably sectioned into two parts in a ratio of 1 :1 to 
5:1 by the front and subsequent stage portions. 

Further, according to the present invention, a pol- 
luted water purifying apparatus includes first and sec- 
ond purifying apparatuses having the same 
construction as the polluted water purifying appara- 
tuses, wherein the flow-out portion of the first purifying 
apparatus intercommunicate with the flow-in portion of 
the second purifying apparatus. 

Still further, according to the present invention, a 
polluted water purifying method for the polluted water 
purifying apparatus including the first and second puri- 
fying apparatuses, comprises the steps of: supplying 
the polluted water from tlie flow-in portion into the puri- 
fying region to pass the polluted wafer through the puri- 
fying region while diffusing the oxygen-contained gas 
from the gas diffusion pipes of the first purifying appara- 
tus to conduct a purification treatment on the polluted 
water, and supplying the purified water from the flow-out 
portion of the first purifying apparatus to the second 
purifying apparatus to conduct a further purification 
treatment on the purified water supplied from the first 
purifying apparatus in the second purifying apparatus 
while diffusing no oxygen-contained gas from the gas 
diffusion pipes of the second purifying apparatus. 

According to the present invention, the equivalent 
diameter of a opening portion is defined as the length of 
the longest line of lines which connect any two points on 
the periphery of the pore, and the equivalent diameter of 
the massive purifying member is defined as the diame- 
ter of a spherical body having the same- volume as the 
body of the massive purifying member. 

According to the polluted water purifying method of 
the present invention, the predetermined massive puri- 
fying members are filled in the purifying region in which 
the purification treatment is performed while the pol- 
luted water is "made to flow, and during the flow of the 
polluted water,- each massive purifying member func- 
tions as (1) a forming body for a biomembrane for the 
aerobic treatment on the surface, (2) a resistor for pro- 
ducing a difference in flow velocity (gradient in velocity) 
to move SS toward the opening portions on the surface 45 
and to flow-separate and capture the SS from the pol- 
luted water at the opening portions, and (3) an anaero- 
bic treatment area where the SS captured at the - 
opening portions are Held up or trapped therein to be 
anaerobically treated. Therefore, the massive purifying so 
member effectively acts on organic and inorganic fine ' 
solid materials suspended in the polluted water, solved 
pollutants in the polluted water,- etc. to purify the.polluted 
water. That is, according to the present invention; the 
massive purifying member is formed with a biomem- 55 
brane on the surface thereof, and the fine bubbles of 
oxygen-contained gas such as air or the like (hereinafter 
referred to as "oxygen gas") is diffused from the bottom 
portion at a predetermined interval into the polluted 



water while the oxygen gas ascends in a substantially 
perpendicular direction to the stream of the polluted 
water. Therefore, the polluted water flowing in the puri- 
fying region and the oxygen gas are sufficiently con- 
5 tacted and mixed with each other and at the same time 
a turbulent flow area is formed in the polluted water 
stream. Accordingly, formation of boundary layers such 
as laminar films is suppressed around the massive puri- 
fying members filled in a gas diffusion area where the 
10 oxygen gas is diffused from the bottom portion in the 
purifying region, and thus the oxygen gas is sufficiently 
supplied: one after another without intermission. There- 
fore; th£ aerobic process progresses rapidly and effi- 
ciently, and the soluble pollutants BOD which are solved 
15 in the polluted water can be easily aerobically treated 
and removed from the polluted water. 

The massive purifying member serves as a resistor 
in the polluted water flowing area if it is viewed in a 
micro-scale. Therefore, it reduces the flow velocity of 
0 the polluted water in the vicinity thereof to produce a 
flow-velocity difference (velocity gradient) in the polluted 
water stream around the purifying members, and at the 
same time it produces a laminar (viscous) flow area. As 
described above, the turbulent flow area is liable to be 
; formed in the gas diffusion area where the oxygen gas 
is diffused, whereas the laminar flow area is liable to be 
formed in an oxygen gas non-diffusion area where no 
oxygen gas is diffused. Therefore, in the oxygen gas 
non-diffusion area of the purifying region, the fine solid 
materials (SS) suspended in the polluted water are pro- 
vided with rotational energy due to the flow-velocity dif- 
ference (velocity gradient), and move to the laminar flow 
area around the massive purifying member, in which the 
flow velocity is low. Further, in the oxygen-gas diffusion 
area, the SS is partially adsorbed by the biomembrane 
on the surface of each massive purifying member and 
then aerobically treated. However, most of the SS is 
sprung out toward the oxygen gas non-diffusion area 
adjacent to the oxygen-gas diffusion area, which is 
caused by random flow of the polluted water in the tur- 
bulent flow area, and finally it reaches the laminar flow * 
area around the massive purifying member in the gas 
non-diffusion area through a flow-separation process. 

The SS which reaches the laminar flow area around 
the massive purifying member is captured at the open- 
ing portions on the surface thereof; and finally collected 
in the interconnecting channels (passages) which inter- 
communicate with the opening portions. There is little 
flow in the interconnecting channels of the massive puri- 
fying members and thus ^these channels can be 
regarded as retention areas. Therefore, the SS is held 
up in the retention areas while anaerobically treated, 
and finally made liquid and soluble/ Thereafter, the liq- 
uid and soluble SS flows downwardly through the inter- 
connecting channels due to its dead weight; and , 
reaches other openings which are located at the.lower . 
side of the massive purifying member and intercommu- 
nicate with the channels. Thereafter, the SS flows out 
from the opening portions into the flowing polluted water 
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and solved therein, and finally it is aerobically treated on 
the surface of the purifying members in the gas diffusion 
area to be purified and removed from the polluted water. 

Further, according to the purification treatment of 
the polluted water in the present invention, different 5 
treatment areas which are respectively suitable for the 
soluble BOD and the suspended SS in the polluted 
water are provided in the same purifying region to purify 
the respective materials, so that the purif icatiorvprocess 
can be efficiently performed. That is, for thesoluble • io 
BOD, the aerobic treatment is rapidly performed on the 
surface of the massive purifying member while supply- 
ing the oxygen gas. For the SS, the capture of the SS at 
the opening portions of the massive purifying members 
is promoted, and after the capture, the SS is allowed to is 
be held up in the interconnecting channels inside the 
massive purifying members to perform the anaerobic 
treatment. The anaerobic treatment of SS can be per- 
formed irrespective of the retention time for the purif ica- 
tion treatment of the polluted water flowing in the 20 
purifying region, so that the retention time of the pol- 
luted water in the. purifying region can be remarkably 
shortened. Accordingly, the treatment apparatus can be 
miniaturized because the retention time is short, and 
the polluted water can be purified more efficiently than 25 
the conventional apparatus. 

For example, with respect to the retention time of 
the conventional purification treatment, the inter-con- 
glomerate contact oxidation method needs a long dis- 
tance of about 20m as a flow distance of the purifying: 30 
region and needs about 60 to 80 minutes as the reten- 
tion time. The active sludge method needs a long time , 
of about 3 to 10 hours on average as the retention time. 
On the other hand, the polluted water purifying treat- 
ment of the present invention needs a retention time of 35 
about 10 to 120 minutes at the flow distance of about 5 
to 10m to perform a sufficient purification treatment 
which satisfies various predetermined flow-out stand- 
ards. In the conventional polluted water treatment, the ; 
SS and the soluble BOD are treated at the same level.. 40 
On the other hand, according to the present invention, 
the retention time of the polluted water purifying treat- 
ment can be shortened by the following features of the 
presents invention. That is, the purifying member which 
functions as an aerobic treatment area for BOD, also as 
provides a space to function as an anaerobic treatment 
area, and the gas diffusion area and the gas non-diffu- 
sion area are provided in the purifying region, whereby . 
the aerobic treatment is rapidly and efficiently per- 
formed in the aerobic treatment area, and at the same so 
time the SS can be easily collected in the anaerobic 
treatment area and the sufficient retention time for the 
anaerobic treatment can be ensured. 

As described above, according to the polluted water 
treatment of the present invention, the polluted water is ss 
purified by the operating mechanism as described 
above. No limitation is imposed on the polluted water to 
be treated, and any substance containing various water 
pollutants such as BOD, SS, ammonium components, 



musty odor substance, etc. of any concentration can be 
treated. For example, the polluted water purification 
treatment of the present invention can perform a purifi- 
cation treatment on polluted water such as general pol- 
luted water containing water pollutants such as BOD of 
20 to 30mg/Mer, SS of 20mg/liter or more, ammonium 
components of img/liter or more, musty substance, 
etc., urban waste water of BOD.of .30mg/liter or more 
(ordinarily, about 50 to 1 50mg/liler), remarkably polluted 
processed marine waste water containing BOD of 200 
to 1000mg/liter, etc. more effectively and for a shorter 
time than the conventional purification treatment. That 
is, the present invention is suitably applicable to any pol- 
luted water purifying treatment: The term "SS" of the 
present invention means suspended fine solid materi- 
als, and defined as residuals which are left on filter 
paper passing 1 fim-diameter particles when they are fil- 
tered by the filter paper in J (S/ (Japanese Industrial 
Standards). The present invention, can effectively purify 
polluted water containing organic materials of about 
60wt% or more in SS. 

RRIEF DESCRIPTION OF TH E DRAWINGS 

Fig. 1 is a cross-sectional view showing an embod- 
iment of a polluted water purifying tank^of the 
present invention; 

Fig.2 is a schematic diagram showing a massive 
purifying member of the present invention;- - 
Fig. 3 is a cross-sectional view showing another 
embodiment of the polluted water purifying tank of 
the present invention; and 
Fig. 4 is a cross-sectional view showing another 
embodiment of the polluted water purifying tank of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments according to the present 
invention will be described with reference to the accom- 
panying drawings. 

Fig. 1 is a cross-sectional view showing a purifying 
apparatus filled with massive purifying members 
according to an embodiment of the present invention, 
and Fig. 2 is a schematic diagram showing each of the 
massive purifying members filled in, the apparatus 
shown in Fig. 1 . 

In Fig. 1, a polluted water purifying apparatus 10 
has a rectangular parallelopiped treatment tank having 
no lid. A pair of a flow-in water passage 1 1 and a flow- 
out (discharge) water passage 12 are provided on the 
peripheral portion of the treatment tank .so as to con- 
front each other, and a spatial purifying region S is pro- 
vided at the intermediate portion of the tank. The size of. 
the purifying region S is not limited to a specific one, and 
it may be suitably set in accordance with treatment con- 
ditions such as an amount of polluted water to be intro- 
duced, etc., and environmental conditions such as land 
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on which the purifying apparatus is mounted, etc. For 
example, if the apparatus is compact, the purifying 
region S is designed to be about 1 to 2m in width, 1 to 
10m in length and about 1 to 2m in depth. If it is a large- 
size purifying facilities for polluted river water, the purify- 5 
ing region S is designed to be about 3 to 10m in flow 
length and about 2 to 5m fci depth. In this case, the width 
of the purifying region S is set to any value in accord- 
ance with the amount of polluted water to be treated. If 
necessary, plural compact apparatuses may be linked 10 
to one another in series or in parallel. 

Further, any shape and any size may be used for 
the polluted water treatment tank, and ordinarily the 
shape is set to a rectangular parallelopiped shape 
because a treatment tank having such a shape can be 15 
easily manufactured. In Fig. 1, the treatment tank is 
illustrated as having no lid, however, a lid may be dis- 
posed at the upper portion. In the case of a large-scale 
purifying facilities, the' plural treatment tanks may be 
arranged while linked to one another as described 20 
above. Further, after the massive purifying members 
are filled in the spatial portion to form the purifying 
region, the upper side thereof may be filled with earth 
and then landed to use various facilities thereon. 

The flow-in water passage 11 serves to guide the 25 
polluted water to be treated to the purifying apparatus, 
and the discharge water passage 12 serves to collect 
purified water after a purification treatment and dis- 
charge the purified water to river or the like. At the lower 
portion, ordinarily at the bottom portion of the purifying 30 
region S disposed between the flow-in water passage 
1 1 and the flow-out water passage 12, plural gas diffu- 
sion'pipes 13 are disposed at predetermined intervals Fn 
the width direction of the treatment tank substantially 
over the whole width of the treatment tank so as to be 35 
substantially perpendicular to the stream direction of 
the polluted water flowing from the flow-in water pas- 
sage 11 to the water flow-out passage 12. With this 
arrangement, substantially the whole purifying region S 
is alternately sectioned into an oxygen gas diffusion 40 
area A (a hatched portion in fig. 1) and a gas non-diffu- 
sion area AN. In the gas diffusion area, fine bubbles of " 
oxygen gas for aeration ascend (are jetted upwardly) 
from the diffusion pipes 1 3 across the stream of the pol- 
luted water, whereby the polluted water is brought into 45 
sufficient contact with the oxygen gas. On the other * 
hand, in the gas non-diffusion area AN, it is preferably 
that'the oxygen gas fine bubbles are not jetted. It is illus- 
trated in Fig. 1 as if a boundary line exists between the • 
gas diffusion area A and the gas non-diffusion area AN. 50 
However, this illustration is made to simplify the descrip- 
tion, and there is no clear boundary between these ■ 
areas. That is, this illustration merely means 'that gas 
diffusion zones and gas non-diffusion zones are 
formed. For convenience's sake, the sectionizing of the 55 
gas diffusion area A and the gas non-diffusion area AN 
is omitted at the intermediate portion of the purifying 
region Sin Fig. 1. 



The technical idea that the purification treatment is 
performed in the purifying region S while sectioning the 
purifying region into the gas diffusion area A and the 
gas non-diffusion area AN as described above has 
been achieved by the inventor on the basis of his knowl- 
edge that the supply of the oxygen gas to the whole 
area of the purifying region does not enhance the purifi- 
cation efficiency of the polluted water, and conversely it 
reduces the purification efficiency. That is, it is general 
that sufficient oxygen supply is necessary to perform 
the aerobic treatment rapidly and efficiently. Further, it is 
expected that no polluted water flows through the inside 
of the massive purifying members and thus SS captured 
by the massive purifying members can be sufficiently 
anaerobically treated with no effect of the external. 
Accordingly, it is a general way to supply the oxygen gas 
to the whole area of the purifying region S in order to 
improve the BOD removal rate with the massive purify- 
ing members of the present invention, however, the 
inventor of the present invention is the first engineer 
who has found out that both the BOD removal rate and 
the SS removal rate can be multiplicatively enhanced by 
disposing the gas diffusion pipes 13 at predetermined 
intervals. 

In the case where the purifying region S is sec- 
tioned into the gas diffusion areas A and the gas non- 
diffusion areas B to enhance the purification efficiency, 
the interval between the gas diffusion pipes 13 disposed 
on the bottom portion of the treatment tank is preferably 
set to about 5 to 100 cm. The disposing interval of the 
gas diffusion pipes 13 is varied in accordance with the 
pollution degree of the polluted water to be treated, and 
it may be suitably set within the above range in accord- 
ance with the BOD concentration and the SS concentra- 
tion in the polluted water. 

Ordinarily, if the polluted water contains BOD of 
about 200mg/liter or less, the removal rate of BOD and 
SS could be purified with high efficiency of 85% or more 
by disposing the gas diffusion pipes at about 50cm 
interval. If the disposing interval of the gas diffusion 
pipes 1 3 is less than 5cm, the SS removal rate would be . 
reduced and thus it is not preferable. On the other hand, 
if the disposing interval is more than 100cm, the BOD. 
removal rate is insufficient, and the retention time must 
be set to 2 to 3 hours or more to enhance the removal 
rate. Accordingly, this case is also unfavorable. The gas 
diffusion pipes 13 may be beforehand disposed at an 
interval of about 5cm on the bottom portion of the treat- 
ment tank, and the number and the position of the gas 
diffusion pipes 13 for supplying the oxygen gas may be 
suitably selected in accordance with the BOD concen- 
tration and the SS concentration in the polluted water to 
be treated to perform the aerobic treatment in the puri- 
fying region S. In this case, the oxygen gas supply to 
each gas diffusion pipe 13 can be performed by meas of 
a well-known control means, for example, by disposing 
an open/close valve in the pipes or the like. Further, no 
limitation is imposed on the shape, material, etc. of the 
gas diffusion pipes 13, and various well-known gas dif- ■ 
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fusion pipes may be used. Further, as the diffus.on pipe 
may be used a pipe having a diameter of about 5cm and 
formed of polyvinyl chloride, which is formed with perfo- 
rated holes at an interval of about 0.5 to 3cm on the 
whole peripheral surface or upper half peripheral sur- 5 
face thereof. 

In the polluted water purifying apparatus 10 of the 
present invention, a flow-in water rectifying wall .14.-and 
a discharged water rectifying wall 15 are disposed on 
the purifying region side surfaces of the flow-in water io 
passage 11 and the flow-out water passage 12 which 
are disposed around the purifying region S. The rectify- 
ing walls 14 and 1 5 may be designed to have a resistor 
portion, by a metal mesh, concrete blocks or the* like. 
The polluted water flows through the purifying region S is 
as if it is shifted in parallel substantially like a piston flow 
until it passed through the flow-in water rectifying wall 

1 4 and flows out from the flow-out water rectifying water 

15 so that the purification efficiency can be enhanced. 
Further, the massive purifying members 1 are filled in 20 
the purifying region S of the polluted water pur.fy.ng 
apparatus 10. The fill rate of the massive pur.fy.ng 
members 1 is set to 50 to 70%. That is, the mass.ve 
purifying members 1 are filled so that the percentage of 
voids between the massive purifying members 1 in the 25 
purifying region S is equal to 30 to 50%. The same mas- 
sive purifying members 1 as disclosed .in. Japanese 
Laid-open Patent Application No. Hei-6-343990 are 
used That is. as shown in Fig. 2, aggregates 2 having 
equivalent diameter of several centimeters are assem- ' •*> 
bled, and the contact points of the respective aggre- 
gate's 2 are bonded to one another with bonding agent 
such as cement, epoxy adhesive or the like to form a 
substantially spherical massive body having equivalent 
diameter of about 7 to 1 5cm. In this case, the equivalent 35 
diameter of the massive purifying member 1 is defined 
as the diameter of the spherical body having the same 
volume as the massive body as described above. The 
massive purifying member 1 thus formed is a substan- 
tially spherical assembly of aggregates 2. and it has an 40 
infinite number of recesses and projections on the 
actual surface thereof. Therefore, the surface area is ■ 
large and the area where the biomembrane is formed is 
also increased. In addition, turbulent flow is liable to 
occur in the gas diffusion area A, and the contact 45 
between the diffused oxygen gas and the polluted water 
is promoted, so that the aerobic treatment is rapidly and 
efficiently performed and the shift of the SS to the gas - 
non-diffusion area is promoted. 

In the massive purifying members 1 thus formed, so 
the size of the voids formed between the bonded aggre- 
gates 2 varies in accordance with the size of the aggre- 
gate, and the size. etc. of the aggregates may be 
suitably selected in order to obtain desired voids. Ordi- 
narily if aggregates having centimeter-order size are -55 
used voids of about 1 to 3cm are formed. The surface 
portions of the voids constitute the opening portions 3 of 
the present invention. The inner voids constitute plural 
channels (passages), and intercommunicate with one 



another in the massive purifying member 1. The chan- 
nels further intercommunicate with the opening portions 
3 on the surface portion, and.thus penetrate through the 
inside of the massive purifying member 1 . The shape of 
the opening portions 3 is varied.in accordance with the 
shape surface, etc. of the used.aggregates, and thus it 
is not limited to a specific one. As described above, the 
equivalent diameter of the opening portions is defined 
as the length of the longest line, of lines which connect 
any two points on the peripheral portion of the pore, and 
it may be set to about 1 to 5cm by suitably selecting the 
aggregates, the bonding portions, etc. If the equivalent 
diameter of the opening portions 3 exceed. 5cm, .flow 
occurs in the channels which intercommunicate with the 
opening portions 3, and it is impossible to capture and 
hold SS in the channels. The SS which are captured at 
the opening portions are held up. in. the channels inter- 
communicating with the opening portions and anaerobi- 
cally decomposed into liquid subsjtance. and. then the 
liquid substance is passed through the channels to the 
lower opening portions due to its dead weight, and 
finally flows out from the massive purifying members. If 
the diameter of the opening portions 3 . is smaller than 
1cm the decomposed liquid material cannot flow out 
from the massive purifying member, and this is unfavo- 
rable. 

The polluted water purifying apparatus 10 of the 
present invention is constructed as described above, 
and according to this apparatus. the ; polluted waterjs 
enabled to be purified while uniformly flowing from the 
flow-in water passage 1 1 through the purifying region S 
extending from the flow-in water rectifying wall 14 to the 
flow-out water rectifying wall 15. As described above. 
SS in the polluted water flowing in the purifying region S 
is captured in the massive purifying members 1, col- 
lected and held up to be anaerobically treated, and the 
other soluble pollutants such as soluble BD.D, ammo- 
nium components, anion surfactant, musty materials, 
etc. are subjected to the aerobic treatment such as 
nitration, ^solubilization, decomposition or the like by 
the biomembrane formed on the outer surface of each 
purifying member. 

The purifying region S of the polluted water purify- 
ing apparatus 10 of the present invention is formed with 
the gas diffusion areas A where the polluted water .intro-, 
duced from the flow-in portion 1 1 flows in substantially 
horizontal direction as indicated by arrows in Fig, 1 . and 
the oxygen gas for aeration which is jetted from the gas 
diffusion pipes 13 ascends as fine bubbles in a direction 
which is substantially perpendicular to the flow direction 
of the polluted water, whereby the polluted water and 
the oxygen gas are efficiently brought into contact, with 
each other in a broad range at all times. In the gas diffu- 
sion areas A, the solution efficiency of oxygen into, the 
polluted water is enhanced, and the solved oxygen- 
amount in the polluted water is increased. At the same 
time the polluted water stream and the oxygen gas for 
aeration are simultaneously brought into contact with 
each other on the surface of the massive purifying 
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members 1 to suppress formation of the boundary lay- 
ers such as laminar layers, whereby the biomembrane 
formed on the surface of each massive purifying mem- 
ber 1 and the polluted water having high solved oxygen 
amount are sufficiently contacted with each other to pro- 
mote the aerobic treatment, so that BOD, ammonium 
components and musty materials, etc. can be removed 
with high efficiency. 

According to the purifying method of the present 
invention, the capture and collection of SS into the mas- 
sive purifying members 1 is performed in the gas diffu- 
sion area A of the purifying region S, and the formation 
of the boundary layer on the peripheral surface of the 
purifying member 1 is mainly suppressed and a suffi- 
cient amount of solved oxygen is supplied to the 
biomembrane formed on the surface of the massive 
purifying member 1 to' perform the aerobic treatment 
rapidly and efficiently. On the other hand, in the gas 
non-diffusion area AN, the capture, collection and reten- 
tion of SS into the massive purifying members 1 are 
mainly performed efficiently, and the anaerobic treat- 
ment of SS is performed for a sufficient retention time 
independently of the retention time of the polluted water 
in the purifying apparatus. Accordingly, the purifying 
region S of the present invention has an infinite number 
of aerobic and anaerobic fields, and thus the removal 
and the anaerobic treatment of SS and the aerobic 
treatment of soluble BOD, ammonium components, 
musty materials, etc. can be performed rapidly with high 
efficiency, so that the purification of the polluted water 
can be performed at a high flow speed which is several 
tens to 50 times as high as that of the conventional puri- 
fication treatment/ For example, it takes about 10 min- 
utes as a retention time to purify polluted water which 
mainly contains BOD, j and further it takes about 1.5 
hours to purify polluted water which contains a large 
amount of organic pollutants having BOD of about 
300mg/liter or more. Further, due to the increase of the 
flow velocity of the polluted water, the contact between 
the horizontally flowing polluted water and the ascend- 
ing fine bubbles is promoted, and thus the purification 
degree can be further increased. The oxygen gas sup- 
ply mount from the gas diffusion pipes 13 may be suita- 
bly selected in accordance with the flow velocity of the 
pollution degree of the polluted water. It is ordinarily set 
to about 2 to 15 times of the amount of the polluted 
water. 

Fig. 3 is a cross-sectional view showing another 
embodiment of the present invention. 

In Fig. 3, a purifying tank is filled with the massive 
purifying members 1 as described above, and the gas 
diffusion pipes 13 are disposed at predetermined inter- 
vals so that the gas diffusion areas A and the gas non- 
diffusion areas AN are alternately arranged in turn, 
thereby forming a similar purifying apparatus as 
described above. Treated water which has been sub- 
jected to the purification treatment in the purifying tank 
10 is passed through an interconnecting passage and 
introduced into a purifying tank 20. In the purifying tank 



20, porous pipes 23 which are similar to the gas diffu- 
sion pipes 13 of the purifying tank 10 are disposed over 
the whole width of the purifying tank, however, no gas is 
diffused from the gas diffusion pipes 23 during the puri- 
5 fication treatment, that is, the whole purifying region of 
the purifying tank is designed as a gas non-diffusion 
area AN. The disposed gas diffusion pipes 23 are used 
to perform a sludge discharge treatment of the purifying 
tank 20; and the disposing interval of the gas diffusion 
io pipes 23 is equal to that of the purifying tank 10. Ordi- 
narily, the disposing interval is set to about 50 to 100cm. 

The purifying method of performing the polluted 
water purifying treatment by using the in-series linkage 
of the purifying tank 10 having the gas diffusion areas 
15 shown in Fig. 1 to the purifying tank 20 having only the 
gas non-diffusion area, is suitably applied used particu- 
larly in such a discharged water quality standard that 
water discharged after the purification treatment is 
required to contain SS of 30ppm or less, and more 
20 severely required to contain SS of 1 0ppm or less. In the 
purifying apparatus having the gas diffusion areas 
shown in Fig. 1. it is general difficult to set to 10 to 
30ppm or less the concentration of SS in the discharged 
water after the purification treatment although it varies 
25 in accordance with the water quality of polluted water to 
be treated, particularly the amount of contained SS. 
That is, if the treated water containing SS of 30ppm or 
more, which has been obtained in the purification treat- 
ment process of only the purifying tank 10, is further 
30 passed through the purifying tank 20 to selectively 
remove SS in the purifying region under the gas non-dif- 
fusion state, the SS concentration can be set to 30ppm 
or less, and to 1 0ppm or less if necessary. 

Fig: 4 is a cross-sectional view showing another 
35 embodiment of the present invention. 

In Fig. 4, a purifying tank 30 has the same construc- 
tion as shown in Fig. 1 , and includes a flow-in water pas- 
sage 11, a flow-out water passage 12, a flow-in water 
rectifying wall 1 4 and a flow-out water rectifying wall 1 5. 
40 In the purifying tank as described above, a gas diffusion • 
region 1 0' and a gas non-diffusion region 20' are contin- 
uously formed in a space between the flow-in water rec- 
tifying wall 14 and the flow-out water rectifying wall 15. 
Each of the gas diffusion region 1 0' and the gas non-dif- 
45 fusion region 20' is filled with the massive purifying 
members 1 as described above, and gas diffusion pipes 
13 and 23 are disposed at predetermined intervals in . 
these regions. In the gas diffusion region 10', the gas 
diffusion areas A and the gas non-diffusion areas AN 
so are alternately formed in the same manner as the puri- 
fying region S of the purifying apparatus 10 of Fig. 1. 
The gas non-diffusion region 20' is formed as a gas 
non-diffusion area AN in the same manner as the puri- ' 
fying tank 20 of Fig. 3, and no gas is diffused from the 
55 gas diffusion pipes 23 during the purifying treatment like 
the purifying tank 20 of Fig. 3. Further, like the purifying 
tank 20 of Fig. 3, the gas diffusion pipes 23 are used to 
perform the sludge discharge treatment on the gas non- 
diffusion area. 
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The purifying tanks 10 and 20 shown in Fig. 3 are 
separately provided and linked to each other through 
the interconnecting passage. On the other hand, in the 
purifying tank shownin Fig. 4, the gas diffusion region 
10' and the gas non-diffusion region 20' are continu- 5 
ously linked to each other through no interconnecting - 
passage, and this embodiment has the same action as 
the embodiment shown in Fig. 3 except that the polluted 
water which is treated in the gas diffusion region 10' 
directly flows into the gas non-diffusion region 20', and 10 
thus this embodiment is suitably applicable to the ; case 
where the discharge standards of SS concentration is 
severe. In this system, the treatment tank is single, and 
the space portion has the gas diffusion pipes 13, or 23 
disposed at the predetermined interval and is filled with 15 
the massive purifying members 1 . In addition, the sup- 
ply of the oxygen gas to the gas diffusion pipes may be 
suitably selectively performed in accordance with the 
sectioning rate of the regions 10- and 20'. Therefore, the 
construction of the purifying tank is simple and the cost 20 
of construction is low, and thus this embodiment is very 
practical. In this case, the sectioning rate of the gas dif- 
fusion region 10' and the gas non-diffusion region 20* 
may be suitably selected in accordance with various 
purification treatment conditions such as the content of 25 
SS in polluted water to be treated, the pollution degree 
of soluble pollutants such as BOD, etc., the volume of 
the purifying tank, the flow-in amount of the polluted 
water, the retention time in the purifying region, etc. 
Ordinarily, it is preferably set to 1 :1 to 5:1 . If the rate of 30 
the gas diffusion region is less than 1 , it is impossible to 
efficiently remove both the SS and the soluble pollutants 
such as BOD, etc. for purification of polluted water. On 
the other hand, if the rate of the gas diffusion region 
exceeds 5, it is impossible to reduce the SS residual. 35 
concentration to be less than 30ppm. When the stand- 
ards for the SS concentration is lenient, the sectioning 
rate of the gas non-diffusion region is set to zero. In this 
case, the purifying tank is used in the same rrianner as 
that of Fig. 1. 40 

EMBODIMENTS 
Embodiment 1 

45 

First, the same massive purifying members 1 as 
shown in Fig. 2 were formed as follows. Plural conglom- 
erates each having about 2 to 3cm diameter were pre- 
pared as aggregates 2, and these conglomerates were 
bonded to one another with adhesives to form substan- 50 
tially spherical massive purifying members 1 each hav- 
ing equivalent diameter of about 10cm. On the surface 
of each massive purifying member 1 were provided 
many opening portions 3 each having equivalent diam- 
eter of about 1 to 5cm. Subsequently, eleven gas diffu- 55 
sion pipes 13 were disposed at an interval, of about 
50cm on the bottom portion of a rectangular parallelepi- 
ped purifying tank of 1.0m in width, 6.8m in length and 
1 .2m in height, and then the massive purifying members 



1 were filled at 40% in percentage of voids into the puri- 
fying tank to form the same purifying apparatus 10 as 
shown in Fig. 1. The length oj the purifying region filled 
with the massive purifying members was set to 5m, and 
the substantial volume of the purifying region was 
5.50m 3 . 

Polluted water containing SS of 85.1mg/liter on 
average (varying from 42.5 to 151.2mg/liter), BOD of 
127.3mg/Iiter on average (varying from 64.2 to 
203.7mg/liter), and colibacillus of 119,200 number/mil- 
Hliter, was passed through the above, purifying appara- 
tus 10 at a flow velocity of 2.2m 3 /hour for a retention 
time of 1 hour (because there is substantially no flow of 
polluted water in voids of the interconnecting channels 
inside of the massive purifying members ,1) to continu- 
ously perform the purification treatment. In the purifica-. 
tion treatment, the air for aeration was jetted from the 
gas diffusion pipes 13 at all times. The amount of the 
aeration air was set to ten times of the f low amount of 
the polluted water, that is, to 22Nm 3 /hour. After the 
above continuous purification treatment had been car- 
ried out for 5 months, discharged water which had been 
subsequently subjected to the continuous purification 
treatment for 24 hours were sampled; and subjected to 
an continuous examination. As a result, the discharged 
water contained, as average values for 24 hours, SS of 
24.5mg/iiter (removal rate of 71.2%), BOD of 
28.1mg/liter (removal rate of 78.0%), colibacillus of 
17,000 number/milliliter (removal rate of 86.0%). 

Embodiment 2 

The same purification treatment as shown in Fig. 3 
was performed. That is, the purifying region was formed 
in the same manner as the purifying tank 10, and the 
tanks were linked to each other through the pipe, except 
that the sludge discharging gas diffusion pipes 23 were 
disposed at an interval of 50cm on the bottom portion of 
the purifying tank 20. Polluted water containing SS of 
Il0.4mg/liter on average (varying from , 39.2 to 
211.7mg/liter), BOD of 347.7mg/liter on average (vary- 
ing from 137.9 to 1 090. 4mg/l iter), and colibacillus of 
131,700 number/milliliter, was passed continuously 
through both the above purifying apparatus 10 and the 
purifying tank 20 at a flow velocity of 2.2m 3 /hour for a 
retention time of 1 .5 hour. In the purification treatment, 
the air for aeration was jetted from the gas diffusion 
pipes 13 at all times. The amount of the aeration air was 
set to ten times of the flow amount of the polluted water, 
that is, to 22Nm 3 /hour. As a result of the continuous 
purification treatment which had been carried, out for 
one year, it was found out that discharged water con- 
tained, as average values for one year, SS of 4.8mg/liter 
(removal rate of 95.7%), BOD of 15.6mg/liter (removal 
rate of 95.5%), colibacillus of 7,031 number/milliliter 
(removal rate of 94.7%). 

After the purification treatment for one year, . gas 
was diffused from the gas diffusion pipes 13 of the puri- 
fying tank 10 while the polluted water was passed 
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through the purifying tank 10 at a flow velocity of 2.2m 3 , 
and at the same time air was jetted from the gas diffu- 
sion pipes 23 of the purifying tank 20 at a flow velocity 
of 22.0Nm 3 to perform the sludge discharge treatment. 
As a result, sludge of 18.0 kg could be obtained. The 
content of organic materials in the sludge was about 20 
to 28%, and it was the same level as sediment of ordi- 
nary river bed. 

Embodiment 3 

Eight gas diffusion pipes 1 3 were disposed at an 
interval of about 50cm on the bottom portion of a rectan- 
gular parallelepiped purifying tank of 1.5m in width, 5m 
in purifying area length and 1 .5m in height, and then the 
massive purifying members 1 were filled at 40% in per- 
centage of voids into the purifying tank to form the same 
purifying apparatus 10 as shown in Fig. 1 . Two purifying 
apparatuses 10 as described above were linked to each 
other in series to form a' purifying treatment tank. The 
volume of the purifying area was equal to 22.5m 3 , and 
the purified water amount was equal to 9.0m 2 . 

Polluted water containing SS of 28.8mg/liter on 
average (varying from 6.3 to 69.0mg/liter), BOD of 
50.9rng/liter on average (varying from 7.5 to 
93.5rng/liter), and colibacillus of 168,833 number/millili- 
ter, was passed continuously through the above purify- 
ing apparatus 10 at an average flow velocity of 
3.9m 3 /hour for a retention time of 1 hour to continuously 
perform the purification treatment. In the purification 
treatment, the air for aeration was jetted from the gas 
diffusion pipes 13 at all times. The amount of the aera- 
tion air was set to five times of the flow amount of the 
polluted water/that is, to 20Nm 3 /hour. After the above 
continuous purification treatment had been carried out 
for 5 months, discharged water which had been subse- 
quently subjected to the continuous purification treat- 
ment for 24 hours were sampled and subjected to an 
continuous examination. As a result, the discharged 
water contained, as average values for 24 hours, SS of 
1.5rhg/liter (removal rate of 92.6%), BOD of 3.3mg/liter 
(removal rate of 89.7%), colibacillus of 52 number/millili- 
ter (removal rate of 99.9%). 

Embodiment 4 

The purification treatment was performed ,in the 
same manner as shown in Fig. 4. That is, 320 gas diffu- 
sion pipes 13 (23) were disposed at an interval of about 
5cm on the bottom portion of a rectangular parallelepi- 
ped purifying tank of 1.5m in width, 18.5m in purifying 
area length and 2m in height, and then the same mas- 
sive purifying members 1 as the embodiment 1 were 
filled thereon at 40% in percentage of voids into the 
purifying tank to form the same purifying apparatus 30 
as shown in Fig. 4. The volume of the purifying region 
was equal to 48m 3 . In this case, the length of the gas 
diffusion region 10' was set to 10m, and the length of 
the gas non-diffusion region 20' was set to 6m. Polluted 



water containing SS of 132.3mg/liter on average, BOD 
of 50.9mg/liter on average and colibacillus of 125,200 
number/milliliter, was passed continuously through the 
above purifying apparatus 30 at a flow velocity of 

5 12m 3 /hour for a retention time of 1.5 hour to continu- 
ously perform the purification treatment. In the purifica- 
tion treatment, the air for aeration was jetted from the 
gas diffusion pipes 13 in the gas diffusion region 10' at 
all times. The amount of the aeration air was set to ten 

w times of the flow amount of the polluted water, that is, to 
120Nm 3 /hour. After the above continuous purification 
treatment had been carried out for 8 months, dis- 
charged water which had been subsequently subjected 
to the continuous purification treatment for 24 hours 

75 were sampled and subjected to an continuous examina- 
tion. As a result, the discharged water contained, as 
average values for 24 hours, SS of 4.1mg/liter (removal 
rate of 96.9%), BOD of 13.9mg/liter (removal rate of 
96.2%), colibacillus of 102 number/milliliter (removal 

20 rate of 99.9%). 

After the purification treatment for eight months, 
gas was diffused from the gas diffusion pipes 13 of the 
purifying region 10' while the polluted water was passed 
at a flow velocity of 12m 3 , and at the same time air was 

25 jetted from the gas diffusion pipes 23 in the gas non-dif- 
fusion region 20' at a flow velocity of 60Nm 3 to perform 
the sludge discharge treatment. In these eight months, 
the sludge discharge treatment was carried our three 
times, and as a result of these sludge discharge treat- 

30 ments, sludge of 105.2kg could be obtained. The con- 
tent of organic materials in the sludge was about 20 to 
28%, and it was the same level as sediment of ordinary 
river bed. 

According to the polluted water purifying method of 

35 the present invention, the purifying region filled with the 
prescribed massive purifying members is formed, and 
the gas diffusion pipes are disposed at predetermined 
intervals at predetermined positions in the purifying 
region. Accordingly, many aerobic treatment areas and 

40 anaerobic treatment areas are provided at the same 
time in the same purifying treatment region, and thus 
the aerobic treatment and the anaerobic treatment can 
be performed on polluted water at plural times while the 
polluted water flows in the purifying tank. Therefore, the 

45 purification treatment on the polluted water can be rap- 
idly and efficiently performed for a short time. The puri- 
fying members have opening portions on the surfaces 
thereof, and the gas diffusion areas and the gas non-dif- 
fusion areas which are alternately formed at the interval 

so corresponding to the disposing interval of the gas diffu- 
sion pipes in the purifying region act on each other mul- 
tiplicatively, whereby SS in the polluted water can be 
easily captured at the opening portions of the purifying 
members and removed from the polluted water. Further, 

55 the captured SS can be held up in the massive purifying 
members, and thus it is anaerobically treated for 
another retention time which is different from the reten- 
tion time of the polluted water flowing in the purifying 
region, so that the polluted water can be purified in the 
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extremely short retention time with high efficiency. As 
compared with the conventional purification treatment, 
the oxygen solution efficiency can be more enhanced, 
and the contact efficiency between the polluted water to 
be treated and the biomembrane can be increased, so 5 
that the aerobic treatment can be performed rapidly and 
efficiently. 

Claims 

1. A polluted water purifying method comprising the 
steps of: j 1: . 

filling a purifying region for purifying. polluted 
water flowing therein with massive purifying is 
members each of which includes plural open- 
ing portions each having equivalent diameter of 
. 1 to 5cm on the surface thereof and plural inter- 
connecting channels intercommunicating with 
one another inside of said massive purifying 20 
members, each of said opening portions con- 
tinuously intercommunicating with at least one 
of said interconnecting channels; and 
passing polluted water through said purifying 
region to bring the polluted water in contact 25 
with said massive purifying members while jet- 
ting upwardly oxygen-contained gas as fine 
bubbles at a predetermined interval from the 
bottom portion of said purifying region into the 
flowing polluted water so that the stream of the 30 
flowing polluted water is brought into contact, 
with the fine bubbles of the oxygen-contained 
gas in a substantially perpendicular direction to 
each other, thereby performing a purification 
treatment. 35 

2. The polluted water purifying method as claimed in 
claim 1 , wherein said purifying region is formed 
between a flow-in portion from which the polluted 
water flows in, and a flow-out portion from which 40 
purified water flows out. 

3. The polluted water purifying method as claimed in 
claim 2, further comprising the step of rectifying the 
polluted water at said flow-n portion arid/or said 45 
flow-out portich 

4. The polluted water purifying method as claimed in 
any one of claims 1 , wherein a retention time of the 
polluted water in said purifying region is set to 10 to 50 
120 minutes. 

5. The polluted water purifying method as claimed in 
any one of claims 1 to 4, wherein the predeter- 
mined interval is set to a value within a range of 5 to ss 
100cm, and it is variable in the range in accordance 
with pollution degree of the polluted water to be 
treated. 



6. The polluted water purifying method as claimed in 
claim 1 , further comprising the step of further pass- 
ing the purified water treated in the purification 
treatment into a gas non-diffusion purifying region 
filled with said massive purifying members., 

7. The polluted water purifying method as claimed in 
claim 6, wherein said gas non-diffusion purifying 
region is formed between at a subsequent stage of 
the flow-out portion side in said purifying region. 

8. A polluted water purifying apparatus which is pro- 
vided with a peripheral wait and a lid or no . lid to 
have a predetermined volume, including 

a flow-in portion of polluted water; 
a flow-out portion for treated water; 
a rectifying member which is disposed at each 
of said flow-in portion and the flow-out portion; 
a purifying region which is disposed between 
said flow-in portion and said flow-out portion; 
gas diffusion pipes which are disposed at a 
predetermined interval on the bottom portion of 
said purifying region in a substantial perpendic- 
ular direction to a direction extending from said 
flow-in portion to said flow-put portion; and 
massive purifying members which are filled in 
the purifying region and each of which includes 
plural opening portions each having equivalent 
diameter of 1 to 5cm on the surface thereof and 
plural interconnecting channels intercommuni- 
cating with one another inside, of said massive 
purifying members, each of the opening por- 
tions continuously intercommunicating with at 
least one of the intercommunication channels. 

9. The polluted water purifying apparatus as claimed 
in claim 8, wherein each of said massiiye purifying 
members is formed in a substantially spherical 
shape having equivalent diameter of about 7 to 
15cm by bonding aggregates of small diameter to 
one another. 

10. The polluted water purifying apparatus as claimed 
in claim 8 or 9, wherein the predetermined interval 
is set to 5 to 100cm. 

11. A polluted water purifying method for the polluted 
water purifying apparatus as claimed in claim 8, 
wherein the polluted water is introduced from said 
flow-in portion and passed through said purifying 
region while the oxygen-contained gas is diffused 
from said gas diffusion pipes at a front stage portion 
of the flow-in portion side of said purifying region 
and no oxygen-contained gas is diffused from said 
gas diffusion pipes at a subsequent stage portion of 
the flow-out portion side to thereby perform the 
purifying treatment. 
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12. The polluted water purifying method as claimed in 
claim 1 1 , wherein said purifying region is sectioned 
by said front stage portion and said subsequent 
stage portion in a sectioning ratio of 1 :1 to 5:1 . 

5 

13. A polluted water purifying apparatus including first 
and second purifying apparatuses each of which 
includes a flow-in portion of polluted water.a flow- 
out portion for treated water, a rectifying member 
which is disposed at each of said flow-in portion 10 
and the flow-out portion, a purifying region which is 
disposed between said flow-in portion and said 
flow-out portion, gas diffusion pipes which are dis- 
posed at a predetermined interval on the bottom 
portion of said purifying region in a substantial per- 75 
pendicular direction to a direction extending from 
said flow-in portion to said flow-out portion, and 
massive purifying members which are filled in the 
purifying region and each of which includes plural 
opening portions each having equivalent diameter 20 
of 1 to 5cm on the surface thereof and plural inter- 
connecting channels intercommunicating with one 
another inside of said massive purifying members, 
each of the opening portions continuously inter- 
communicating with at least one of the intercommu- 25 
nication channels, wherein said flow-out portion of 
said first purifying apparatus and said flow-in por- 
tion of said second purifying apparatus intercom- 
municate with each other. 

30 

14. A polluted water purifying method for the polluted 
water purifying apparatus as claimed in claim 13, 
wherein the polluted water is supplied from said 
flow-in portion into said purifying region to pass the 
polluted water through said purifying region while 35 
the oxygen-contained gas is diffused from said gas 
diffusion pipes of said first purifying apparatus to 
perform a purification treatment on the polluted 
water, and the purified water is supplied from said 
flow-out portion of said first purifying apparatus to 40 
said second purifying apparatus to perform a fur- 
ther purification treatment on the purified water 
supplied from said first purifying apparatus in said 
second purifying apparatus while no oxygen-con- 
tained gas is diffused from said gas diffusion pipes 45 
of said second purifying apparatus. 
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(54) Apparatus and method for purifying polluted water 

(57) In a polluted water purifying method and appa- 
ratus, a purification treatment tank is filled with massive 
purifying members (1) in a purifying region (S), each 
massive purifying member (1) including plural opening 
portions having an equivalent diameter of 1 to 5cm 
which are provided on the surface thereof, and plural 
interconnecting channels which intercommunicate with 
one another and are provided inside of the members, 
with each opening portion continuously intercommuni- 
cating with at least one of the channels. Polluted water 
containing SS, BOD, etc. is passed through the purify- 
ing region of the tank to be brought into contact with the 
massive purifying members (1). At the same time, oxy- 
gen-contained gas is jetted as fine bubbles at a prede- 
termined interval from the bottom portion of the 
purifying region into the polluted water so that the 
stream of the flowing polluted water flowing in the puri- 
fying region and the fine bubbles of the oxygen-con- 
tained gas are contacted in a substantially 
perpendicular direction to each other, whereby an aero- 
bic treatment and an anaerobic treatment are rapidly 
and efficiently performed on the surface of the purifying 
members (1) and inside of the purifying members (1) 
respectively. 
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